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ABSTRACT: 

PURPOSE: To form a gate insulating film by using one kind of film 
formation 

method, whose dielectric breakdown strength is good and which has 
a good 

interface characteristic between itself and a semiconductor layer 
by a method 

wherein a flow-rate ratio of raw material gases is changed while 
the film is 
being formed. 

CONSTITUTION: In a silicon oxide film formed between a metal 
layer and a 

semiconductor layer by a photo-assisted CVD method used to form a 
film by 

decomposing a raw-material gas by being irradiated with light, 
the film of a 

part coming into contact with the metal layer is formed under a 
condition that 

a flow-rate ratio of a gas for silicon supply use to a gas for 
oxygen supply 

use is at l× 10<SP>-3</SP> or higher and 
l× 10<SP>-2</SP> or lower. 

In addition, the film of a part coming into contact with the 
semiconductor 

layer is formed under a condition that the flow-rate ratio is 
smaller than 

l× 10<SP>-3</SP>. When the flow-rate ratio of the 
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raw-material gases is 

changed, it is possible to obtain an insulating film whose 
dielectric breakdown 

strength is high and whose interface with reference to a 
semiconductor (silicon 
film) is good* 
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Specification I 

i 

Title of Invention: 

Film formation method 
Scope of Claim 

A film formation method for forming a silicon oxide film 
between a metal layer and a semiconductor layer by optical CVD 
in which a material gas is decomposed by photo irradiation to 
promote film formation, wherein a portion of said silicon oxide 
film adjacent to said metal layer is formed under a condition 
which permits the flow ratio of a silicon supply gas relative 
to an oxygen supply gas to be 1 x 10~ 3 or greater and 1 x 10* 2 
or smaller, and a portion of said silicon oxide film adjacent 
to said semiconductor layer is formed under a condition which 
permits said flow ratio to be smaller than 1 x 10" 3 . 



(ftff~ 



Detailed Description of the Invention 
[Field for Industrial Use] 
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The present invention relates to a film formation 

method . 

[Background Art] 

In a case of a device such as a thin film transistor 
(TFT) or the like, wherein a gate insulating film is formed 
after a metal electrode is formed, a two-layered structure is 
employed for the gate insulating film through use of two types 
of film formation methods. This is because it is difficult 
for one layer of an insulating film formed by one type of film 
formation method to thoroughly cover pin holes that are easily 
generated on a metal, and at the same time to form a favorable 
interface state between the semiconductor layer. As one 
example of the two-layered structure, one is reported by Mimura 
et al. in IEEE Electronic Device Letters (1988, Vol. 9, No. 
6, p. 290) which describes a method wherein the surface of a 
semiconductor layer is covered by an Si0 2 film formed through 
low temperature optical CVD, and the temperature is then 
increased to further promote the formation of the SiO 2 film 
through thermal CVD under atmospheric pressure. In this 
method, many processes are required, such as temperature 
increase for switching from the optical CVD to thermal CVD, 
replacement of the material gas, resetting of the deposition 
pressure and so forth. On the other hand, Tanaka et al. have 
reported in "Television Gaku-Zen-Gijustu-Hokoku" (1988, p. 7) 
a method wherein after the formation of an electrode, the 
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surface thereof is anodized, and thereafter , a gate insulating 
film, and amorphous silicon are serially formed under vacuum. 
In this case, the film formation can be conducted in serial 
processes, however, the method adds the wet process called 
anodizat ion where the substrate is immersed in a water solution, 
so that the processes are still not simplified. In this way, 
it is difficult, with one type of film formation method, to 
form a gate insulating film with a favorable insulating 
breakdown voltage and good interface state with a semiconductor 
layer . 

[Problem the Invention Attempts to Solve] 

i 

It is an object of the present invention to solve such 
problem in the prior art, and to provide a method which allows 
to form a gate insulating film which has a good insulating 
breakdown voltage, and at the same time, can keep a good 
interface state with a semiconductor layer, only with a single 
film formation method. 
[Means to Solve the Problem] 

The present invention, in order to solve the above 
problem in the prior art, employs an approach to form said 
silicon oxide film between the metal layer and the 
semiconductor layer by optical CVD in which a material gas is 
decomposed by photo irradiation to promote film formation, 
wherein a portion of said silicon oxide film adjacent to said 
metal is formed under a condition allowing the flowing ratio 



3 



EROM S. E. L. CO. , LTD. 2F NO 1 



19993U2J3 6B {£> 21 : 0 3/SA20 : 56/X*#^480 1 35 2 6 1 4 P 36 



! 

of a silicon supply gas relative to an oxygen supply gas to 
be 1 x 10" 3 or greater and 1 x 10* J or smaller, and a portion 
adjacent to said semiconductor layer is formed under a 

yi- 

condition allowing said flowing ratio to be less than 1 x 10" 3 . 
[Operation] 

A dielectric material varies in its insulating 
breakdown voltage characteristic and interface characteristic 
with semiconductor depending on the ratio of the constituent 
atoms thereof. Since this ratio is strongly dependent upon 
the material gas mixture ratio, it is generally possible to 
deposit a plurality of films with different characteristics 
by varying the material gas mixture ratio during the film 
formation. For example, when a silicon supply gas such as 
silane type etc, and an oxygen supply gas such as N 2 0 or 0 2 etc. 
are mixed for the formation of; a silicon oxide film, it is 
demonstrated, in each of the plasma, thermal, optical film 
formation method etc., that if the proportion of the silicon 
supply gas relative to the oxygen supply gas is increased, a 
silicon-rich film is formed, and this phenomenon is 
particularly significant in optical CVD where the both of the 
silicon supply gas and oxygen supply gas are photochemically 
decomposed. This is assumedly because the possibility 
increases for the products resulted from the solitary 
decomposition of the silicon supply gas, to be captured 
directly into the film without reacting with the oxygen supply 
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gas, or captured as being intermediate products such as Si-O-H, 
or Si-0 etc. Accordingly, in order to form a silicon oxide 
film having a stoichiometrical composition, the flow of the 
oxygen supply gas has to be sufficiently large relative to the 
flow of silicon supply gas. The Si0 2 having a stoichiometrical 
composition obtained in this manner may be able to form a good 
interface with Si. However, the issue of the breakdown voltage 
of this film has not been clearly known in the art . With regard 
to this issue, the inventor has found through experiments that, 
with a film formation system having extremely low flow ratio 
of the silicon supply gas, the resultant film may form a good 
interface, however it is low in density so that the film is 
likely to exhibit the inferiority in its insulating breakdown 
voltage characteristic. It is assumed that since the number 
of molecules of the silicon supply gas that would collide to 
one molecule of the oxygen supply gas is extremely small, the 
nucleation density during the initial period of the film 
formation becomes low etc. thereby resulting in a coarse film. 

Fig. 2 is a graph sh owing conceptually, the result of 

i ■ — ■ ■ ■■* 

the experiment conducted by the present inventor, 
demonstrating that the leak current of a silicon oxide film 
obtained through ArF laser CVD using Si 2 H 6 for the silicon supply 
gas and N 2 0 for the oxygen supply gas, is dependent on the 
material gas flow ratio (silicon supply gas flow / oxygen supply 
gas flow) . The region (1) is a region in which the film would 
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become silicon-rich and breakdown voltage would be degraded 
due to the increased flow ratio . This is exactly because the 
resistivity of the silicon oxide film is gradually shifting 
toward the resistivity of silicon. On the other hand, the 
region (3) is a region which permits the stoichiometric 
composition due to the reduced flow ratio, however, because 
of the low nucleation density etc., the film quality tends to 
become coarse , : so that the breakdown voltage is degraded also. 

The region ( 2 ) between these regions , is a region forming 
a silicon oxide film which is slightly silicon-richer than the 
stoichiometric Si0 2 , and has a higher interface trap density 
with Si, however, is superior in the insulating breakdown 
voltage. 

Taking advantage of the ef fect discovered by the present 
inventor, in which the insulating breakdown voltage and 
interface characteristics are varied by changing the flow ratio 
of the material gasses in the manner described above, the 
present invention allows to form a film superior in density 
and breakdown voltage characteristic for the portion on the 
metal film in which pin holes are easily generated, with the 
flow ratio in the region ( 2 ) , and a stoichiometric film superior 
in the interface characteristic for the portion adjacent to 
the semiconductor, with the flow ratio of the region (3), 
respectively. With this composite process, the present 
invention allows to obtain an insulating film with a high 
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insulating breakdown voltage and favorable interface with 
semiconductor (silicon film). Furthermore, the present 
invention does not require the use of two or more film formation 
methods as, so in the prior art, and since the film may be formed 
only by changing the film formation condition within a single 

i 

apparatus, cost reduction and throughput improvement may be 
achieved (i.e. the relocation of the substrate is not required 
etc , ) • 

[Embodiment] 

The present invention is now explained in detail 
according to an embodiment with reference to the figure, in 
which the present invention is j implemented in the formation 
of a reverse stagger-type TFT gate insulating film. 

Fig. 1 is a schematic diagram of an apparatus for 
| performing the formation of a gate insulating film according 
to the present invention. ^-P^^S^ 3 ^ ( 8 ) ^ s fixed in a CVD 
chamber (5) having a v acuum pum p, and a beam emitted f rom ArF^ 
Jra§er^(l) is passed through ^pattern mas jc^2), synthesized 
quartz lens (3) and synthesized quartz window (4) to the 
substrate (8) for pattern transfer. The substrate (8) has, 
on a glass , a gate electrode made of chrome which has been formed 
in a front-end process, and it is heated to an adequate 
temperature by a heater or the like. The material gasses Si 2 H 6 
and N 2 0 are supplied to the CVD chamber (5) respectively by 
a first mass flow controller (6) and a second mass flow 
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controller (7). The first and j second mass flow controllers 
(6, 7) are set so that at the beginning of the deposit ion , the 
flow ratio of Si 2 H 6 relative to N 2 0 is 2 x 10' 1 or greater and 
8x1 0" 2 or smaller . When the film thickness of the Si0 2 reaches 
approximately 2000A, the set values of the first and second 
mass flow controller (6, 7) are changed so that the flow ratio 
of S± 2 E 6 relative to N 2 0 becomes smaller than 2 x 1CT 3 , then the 
film formation is continued until the film thickness reaches 
to 3000A. Thereafter, an a-Si:H layer is formed in a subsequent 
process. 

Since the present invention forms the film initially 
with a flow ratio which gives a good insulating breakdown 
voltage for the portion covering the proximity of the electrode , 
where pin holes are easily generated, voltage breakdown failure 
would not occur. Furthermore, since the portion to come into 
contact with the a-Si:H is formed with the flow ratio which 
gives favorable composition, a good interface characteristic 
is also kept. 

In the present invention, a gate insulating film which 
is superior in both the insulating breakdown voltage and 
interface characteristic is formed serially under vacuum by 
only changing the flow ratio of the material gasses, so that 
a process to replace the substrate from one apparatus to another 
is unnecessary. 
[Effect] 
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As explained heretofore, according to the present 
invention, a gate insulating film having a desirable insulating 
breakdown voltage and interface characteristic with a 
semiconductor layer, can be formed through one type of film 
formation method by changing the flow ratio of material gasses 
during the film formation. 

Brief Description of Figures 

Fig. 1 is a schematic diagram of an apparatus in which 
the present invention is implemented, and Fig. 3 is a graph 
showing the relationship between the characteristics of the 
film formed by optical CVD and the flow ratio of the material 
gasses . 

[Description of Reference Numerals] 

1: ArF laser, 2: pattern mask, 3: synthesized quartz lens, 4: 
synthesized quartz window, 5: CVD chamber, 6: first mass flow 
controller, 7: second mass flow controller, 8: substrate 
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